Introduction
The use of polymers as materials for manufacture of many everyday items is constantly increasing. The large number of polymers available allow wide variation in physical prop Bond-breaking processes may occur in polymer backbone bonds to lower the average length of the polymer chains and/or in pendant group bonds leading to the emission of small molecules. Bond-making processes between chains give crosslinked material of increased molecular weight and rigidity. All of these effects will be discussed in the next section. More detailed reviews of these processes can be found elsewhere (1-4) and the reader is encouraged to consult these references for a more comprehensive view of the field.
As a final note of introduction, it is important to realize that although the basic qualitative processes involved in degradation of common polymers are reasonably well determined, the present quantitative understanding, in general, is insufficiently advanced in order that quantitative predictions can be made of the extent of degradation and the levels of products (particularly minor ones) under typical environmental exposures. In addition, for such predictions one needs to know exactly such variables as temperature variations, light flux and wavelengths, processing conditions, localized concentrations of reactive gases, and the nature of any additives. Unfortunately, these usually cannot be easily evaluated and thus quantitative predictions of chemical degradation are rendered difficult. More studies aimed at allowing predictions of levels of degradation products of interest would be most welcome in this field. Accordingly, the discussion presented here is intended to be quite broad in scope and detail is thus necessarily restricted.
Reactions Requiring No External Molecules
These are reactions which occur thermally and/or photolytically. The basic reactions are shown in Figure 1 . When external radiation is absent, these reactions are generally unimportant below 100°C, with a few exceptions (see below). In (4) a susceptible polymer (with no additives) such as polyethylene could be several years at am-I by some bient summer temperatures. The types of poly-)ms which mers susceptible to thermal-oxidative attack C-H group are shown in Figure 3 with the general types react with of products formed. It should be noted that ,action en-poly(vinyl chloride) is quite readily degraded -H groups, in the presence of oxygen; the major product is but C-H HCl, and the mechanism is quite complex. The processes of oxidative degradation can be greatly accelerated by ultraviolet radiation. The absorption of light energy by sensitive groups (e.g., hydroperoxides or carbonyl groups) can result in the formation of reactive species by bond rupture or in some cases just by the formation of suitable electronically excited states (e.g., singlet oxygen). These species often can accelerate the normal free-radical chain oxidation as well as provide new degradation paths. The net effects of photo-oxidation are roughly the same as thermal oxidation, e.g., formation of backbone carbonyl groups, chain scission, and production of CO, H,O, CO2, and other small molecules. Some general types of polymers which photoxidize are shown in Figure 4 . Polymers susceptible to thermal oxidation are also sensitive to photo-oxidation. In addition, polymers with strong ultraviolet absorbing groups are often quite susceptible even though stable to thermal oxidations. Photo-oxidation normally occurs mostly in the surface regions of the polymer because of combinations of such effects as oxygen diffusion and the opacity of the polymer to the radiation. In general, fundamental studies have only been done on a few types of polymers (1 
